Aims. The durations of 388 gamma-ray bursts, detected by the Swift satellite, are studied statistically in order to search for their subgroups. Then the results are compared with the results obtained earlier from the BATSE database. Methods. The standard χ 2 test is used. Results. Similarly to the BATSE database, the short and long subgroups are well detected also in the Swift data. Also the intermediate subgroup is seen in the Swift database.
Introduction
In the years 1991-2000 2704 gamma-ray bursts (GRBs) were detected by the BATSE instrument onboard the Compton Gamma-Ray Observatory (Meegan et al. 2001) . After the launch of the Swift satellite (November 2004) the frequency of detected GRBs by this instrument is cca 100/year (Gehrels et al. 2005) . Trivially, any comparison of different databases is highly useful. For example, in the BATSE database -doubtlessly -three subgroups ("short", "intermediate" and "long" GRBs) are seen , Chattopadhyay et al. 2007 and references therein). The short and long subgroups are physically different phenomena . However, contrary to this, it is still well possible that the intermediate subgroup is not a real physically different separate subgroup and it is occurring in the BATSE database due to e.g. some observational biases arising from the BATSE triggering procedure . The best choice, to proceed in this "bias vs. separate subgroup" controversy, is a new study of another database gained by another instrument. Hence, it is highly useful to ask: Are these subgroups also seen in the Swift data-set?
The purpose of this article is the statistical analysis of the Swift database, which could answer this question. We will proceed identically to the successful statistical analysis done on the BATSE Catalog (Horváth 1998) leading to the discovery of the third subgroup (Mukherjee et al. 1998 , Bagoly et al. 1998 , Horváth 1999 , Hakkila et al. 2000 , Rajaniemi & Mähönen 2002 , Horváth 2002 , Horváth 2003 , Chattopadhyay et al. 2007 . Recently, a statistical study on the Swift database -using the Send offprint requests to: D. Huja maximum likelihood method -has already shown evidence for the third subgroup (Horváth et al. 2008 ). The χ 2 fitting was not used, "because of the small population". However, historically, the first evidence for the third subgroup in the BATSE database came just from the χ 2 method (Horváth 1998) , and also the number of 388 need not be small for this testing. Hence, in any case, one has to probe this fitting on the Swift data sample too. In addition, since approximately one third of the Swift's bursts have already well determined redshifts (contrary to the BATSE's GRBs, where only a few objects had measured redshifts (Ramirez-Ruiz & Fenimore 2000 , Norris 2002 ), some additional tests can be also done on the samples with and without redshifts.
The paper is organized as follows. The samples are defined in Section 2 -these samples are also listed in detail at the end of the article. Section 3 presents the χ 2 fitting of these samples. Section 4 discusses the results of this paper and Section 5 summarizes them.
The samples
We define two samples from the Swift data-set (Gehrels et al. 2005) : the sample of GRBs without measured redshifts (z) and the sample with measured redshifts. These two samples are collected in Tables 4-8  and Tables 9-11 , respectively. We compiled these tables for the convenience; each table contains the name of GRB, its BAT duration T 90 , BAT fluence at range 15 − 150 keV , BAT 1-sec peak photon flux at range 15 − 150 keV and Tables 9-11 also redshift. Only these bursts were taken into account, of which the GRB duration was measured. The samples cover the period from November 2004 to the end of February 2009; the first (last) object is GRB041217 (GRB090205). Tables 4-8 (9-11) contain 258 (130) GRBs, and hence the total number of GRBs, which are studied in this paper, is 388.
In what follows, we study both samples separately and also together as one single set ("the whole sample").
3. χ 2 fitting of the durations 3.1. The whole sample Since the χ 2 fitting of the GRB duration distribution and the F-test were successfully used in the work Horváth (1998) (presenting the first evidence of the existence of three GRB subgroups), we proceed identically, but with the Swift's data.
The whole sample consists of 388 events having measured T 90 . We have fitted the histogram of their decimal log T 90 values seven times (fits I.-VII.). The results are collected in Table 1 , and the fit No.VI. is seen on Fig. 1 . We choose different binnings for different fittings with different numbers of bins, with different edges of bins, etc. Also the widths of bins are different. We only require that in each bin the theoretically expected number of GRBs should be higher than 5.
At first, the histogram is fitted with one single theoretical Gaussian curve having two free parameters (mean µ and standard deviation σ). The best parameters giving the minimal χ 2 are, e.g., for fit No.VI. the following ones: µ = 1.47, σ = 0.83 with χ 2 1 = 56.6. The goodnessof-fit for 15 -2 -1 = 12 degrees of freedom (dof) gives the rejection on the level 10 −5 % (Trumpler & Weaver 1953 , Kendall & Stuart 1973 . This stands for the rejection of the null-hypothesis (i.e. that one Gaussian curve is enough) that it is correct, because the probability of the mistake for this rejection is not higher than 10 −5 %. The whole sample cannot be described by one single Gaussian curve. The same is the situation also for the remaining six fittings.
The fitting with the sum of two Gaussian curves (five free parameters: two means, two standard deviations and one weight w 2 (since the first weight is equal to 1 − w 2 )) gave for the fit No.VI. χ 2 = 7.5. (Note that the value of w 2 involves that 17% (83%) of GRBs should belong to the short (long) subgroup.) Here dof = 15 -5 -1 = 9 and we obtained an excellent fit with the significance level 58.6% (i.e., if we suppose that the fit is incorrect, then the probability that this assumption is wrong is higher than 58.6%). The assumption that the duration distribution is represented by the sum of two Gaussian curves cannot be -from the statistical point of view -rejected. The best fitted curve is also seen on Fig.1 , showing a good correspondence with measured data. Again, the remaining six fits gave similar results.
We also performed the fitting with the sum of three Gaussian curves (eight parameters: three means, three standard deviations and two independent weights), and obtained an excellent fit with χ 2 3 = 2.4 for fit No.VI, because the goodness-of-fit gives for dof = 15 -8 -1 = 6 the significance level is 88.2%. The best fitted curve is also seen on Fig. 1 showing even better correspondence with the measured data. The same excellent fits are obtained also for the remaining six binnings.
The key question here is following: Is the decreasing ∆χ 2 = 7.5 − 2.4 = 5.1 statistically significant? To answer this question we proceed similarly to Horváth (1998) and used the test proposed by Band et al. (1997) in Appendix A. The significance level from the F-test is 3.63%. This im- plies that the rejection of the null-hypothesis (i.e. that the sum of the two Gaussian curves is enough) is adequate, because the probability of the mistake for this rejection is not higher than 3.63%. We arrive into a conclusion that the strengthening of χ 2 need not be a fluctuation. Similar results are obtained for the remaining six fits -only for the fit No.VII the significance is just above the usual 5% limit. (The significances smaller than 5% are denoted by boldface.) In other words, the introduction of the third subgroup -purely from the statistical point of view -is significant in six fits from the done seven ones. Note that the same F-test can be applied also for the difference χ 2 1 −χ 2 2 , and we always obtain the conclusion that the introduction of the second subgroup -instead of the one single group -is strongly supported.
The sample with z
The sample contains 130 events with duration informations. Also here we performed seven fits, but now the number of bins needed to be smaller due to the smaller number of objects in the sample. Again we did different binnings -fits VI. and VII. had 17 bins, but the structure was different. In each bin again the number of GRBs was higher than 5. The results are collected in Table 2 ., and fit No.II. is shown on Fig. 2 .
Here the results, compared with the whole sample, are different from two reasons. First, here the fittings with one single Gaussian curve are also acceptable, and only for two fits the F-test show that the introduction of the second subgroup is adequate. Second, the introduction of the third subgroup is not needed from the F-test. All this shows that this sample can be defined by one single group, and even the separation into the short-long GRBs is not needed.
3.3. The sample without z Here the sample contains 258 events with duration information. Also here we did seven fits with different binnings. In each bin again the number of GRBs was higher than 5. The results are collected in Table 3 ., and fit No.I. is shown on Fig. 3 .
The results, compared with the whole sample, are similar -except for one thing: The introduction of the third subgroup is not needed from the F-test. All this shows that this sample can well be defined by the sum of two and only two subgroups.
Discussion of the results
To discuss the results, first of all, we should recognize that we have proven the existence of the short and long subgroups also in the Swift data-set. Both the whole sample and the sample with no redshifts, respectively, contain these two subgroups, because the fits with one single Gaussian curve are fully wrong. It is also highly remarkable that also the weight of the short subgroup is in accordance with the expectation. As it follows from Horváth et al. (2006) , in the BATSE Catalog the populations of the short, intermediate and long bursts are roughly in the ratio 20:10:70. Nevertheless, because the short bursts are harder and Swift is more sensitive to softer GRBs, one may expect that in the Swift database the population of short GRBs should be comparable or smaller than 20% due to instrumental reasons. The obtained weights for the whole sample (being between 10 and 26%) are in accordance with this expectation. Also the other values of the best parametersi.e. two means and two standard deviations -are roughly in the ranges that can be expected from the BATSE values. The differences can be given by the different instrumentations. For example, the mean values of the log T 90 should be slightly longer in the Swift database compared with the BATSE data (Barthelmy et al. 2005 , Band 2006 ). In Horváth (1998) the BATSE's means are -0.35 (short) and 1.52 (long), respectively. Here we obtained for the whole sample values from -0.01 to 0.91 (short) and from 1.60 to 1.94 (long), respectively. All this implies that -concerning the short and long GRBs -the situation is in essence identical to the BATSE data-set.
For the sample with known redshifts the situation is different, because the fittings still allow one single Gaussian curve. This result can be easily explained by selection effects -it is well-known that the observational determination of the redshifts in the Swift data sample is easier for the long bursts due to observational strategies (simply, it is more complicated to detect and to follow the afterglows of short GRBs (Gehrels et al. 2005) ).
Concerning the third intermediate subgroup the whole sample also supports its existence; from seven tests six ones gave significances below 5%. Hence, strictly speaking, the third subclass does exist and the probability of the mistake for this claim is not higher than x %, where 2.52 < x < 5.41. This result is in accordance with the expectation, once a comparison with the BATSE database is provided. As it was said in Introduction, for the BATSE database the first evidence of third subgroup came from this χ 2 method, and hence also for the Swift database this test should give positive support for this subgroup, if the two datasets are comparable. It is the key result of this article that this expectation is fulfilled. Our study has shown that the classical χ 2 fitting -in combination with F-test -may well work also in the Swift database (similarly to the BATSE database (Horváth 1998) ). Horváth et al. (2008) confirmed the third subgroup in the Swift dataset by the maximum likelihood (ML) method. Our significance between 2.52% and 5.41% is weaker than the 0.46% significance obtained by Horváth et al. (2008) , which is expectable, because the ML method is a stronger statistical test. This is seen from new two studies, too: the ML test on the databases of RHESSI (Řípa et al. 2009 ) and BeppoSAX (Horváth 2009 ) satellites, respectively, confirmed the existence of the third intermediate sublass; on the other hand, the χ 2 test either did not give a high enough significance for RHESSI data (Řípa et al. 2009) or was not used for BeppoSAX data at all (Horváth 2009 ).
It can also be expected that the mean log T 90 for the intermediate group should be much higher in the Swift database due to the different redshift distributions (Band 2006 , Jakobsson et al. 2006 ). The mean value for the BATSE's intermediate subgroup is 0.64 (Horváth 1998 ), but here the value is between 1.02 and 1.64. Also Horváth et al. (2008) obtained a similar value (1.107). Hence, also the typical durations are in accordance with the expectations.
The sample with no redshift did not find the third subgroup. This result can be explained by the smaller number of objects in the sample. The sample with known redshifts is strongly biased by selection effects, and here even the existence of the short subgroup was in doubt -hence, it seems to be hopeless to obtain some conclusions concerning the third subgroup.
Conclusions
Since the χ 2 fitting of the GRB duration distribution and the F-test were successfully used in the work Horváth 1998 (presenting the first evidence of the existence of three GRB subgroups), we proceed identically, but with the Swift's data.
The results may be summarized in the following four points:
1. Concerning the short and long subgroups all is in accordance with the expectation: they are detected also in the Swift database and -in addition -in the Swift database the weight of the short subgroup is smaller, which can be well explained by the Swift's higher effective sensitivity to the softer bursts.
2. The whole sample of 388 objects gives support for three subgroups, because from seven fittings of the whole sample six ones confirmed the existence of the intermediate subgroup on a smaller than 5% significance level. Hence, concerning the Swift database, the situation is similar to the BATSE dataset -although our signficances are weaker than > 0.02% of Horváth (1998) .
3. The samples with and without known redshifts separately are either not enough populated, or strongly biased. Hence, no far reaching conclusions can be drawn from them.
4. Similarly to the BATSE database, here it is shown again that the classical χ 2 test -in combination with Ftest -is also effective for the Swift GRB sample. 
